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Shock waves in magneto-gasodynamnic turbulence

By S.A.Kaplan

The spectral theory»qf isotropic magneto—-gasodynamic
turbulence proposed by tie author some years ago (1,2) gives.
the following expression for the spectral functions of kine-
tio and magnetic energies: o :

a) Stationary case:
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b) Quasistationary case:
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where k = 2T/¢  -wave number of eddies, or motions of soa-
les £ , v, and E, - velooity and magnetic field of motiens
in these scales. F(k) and G(k) - spectral functlons of the
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kinetic and magnetic energies, respectively. In fother words

- F(k)dk and G(k)dk are the quantities. of the kinetic and mag—

netic energles per unit mass contalned in the motions with

wave numbers in the interval from k to k+dk, /-7 - gas densi-

ty ff and €, numberless guantities déscribing the full

dissipation of the kinetic energy and the increase of the mag—

‘netic energy in shock waves. Therefore f f, descri~-

bes the dissipation of the kinetic energy of shook waves into
thermal energy. 33,‘ ~and ;eg ~are also dimensio,nless quan-
titles desoribing the transfer of the kinetic energy and,

- respectlvely, the magnetic energy from b'ig scale to lesser mo-

tions (the inert:.al members of the m&gnet@—gasodynamic equa~

If the dissipatlen ‘of energy in the shock waves at magne- -
to-gasodynamic turbulence is unimportant, we have &, + X, >

> (f - 2:’ : } or v-%’ >Z f _and therefore o(.-"" /'/3

We obtain then the: Kolmogorov's spectra for the kinetic and
the magnetio energies :

F(l{)"’

| -5 7 a |
F(K).VK ‘ ' G(K}""K /3. (quasista‘cionary case)

'5/3 -5/3

G/K) /’( (stationary casé)

i

On the contrary, if the dissipatien of energy in shock waves
is larger than. the transfer of energy between the motions of
different scales, we have . a€ + 353 << t 2‘: or xf << ff
Therefore =4 —-—2 and we obtain ,_

Fir~K ", G~K"  coraionany oase
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" From ﬁhis 1t follows that in the m&gnet@—gaaodynamic‘turbulené
ce, in which the shoek waves are taking place, the dependence

of the velecities of eddies upon the scale e of motions is as
follows? |

| 1“£ c7(?7b/ g_ / | |
<qme <2 O

‘The magnetic fields H, depend upon the scale of field fluotua~—

tions in such a wayt

-1-4..4_@2—/_!64——1— stationary case 8)
5<qme <% « y case) (8)
1 dtnk
3= dnt

-

< 0 (quasistationary case) (9)

'The.‘ fgua.sistat‘ionary case of magnete—gasodynémic turbulence

corresponds Batchelort's picture of magneto~hydrodynamic tur—.
buienoe, in which the magnetic energy is chlefly contained
in small socale motions. _

" The inoreasing rdle of emergy dissipatien in the shoock
waﬁgS'ﬁesults in an increase of the index of the degree of
spectral functions, ' | |

The author has tried to find the dependence of the vlooi-

Ry and"”'-jtl;_l;e magnetic field upon the scale of motions in the in-

terstellar space. An analysis of the radial velecities of in =

'te;:steila.r gas olouds shows that up to 80 parsecs (3):

ditnll "
2 =036
dént ’

(10
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which is in goéd accordance ‘with (7) Bespeeti?ely, an analysis
sis of the observational data of interstellar polarizatien |
"bhows (with great uncertainty) that

dinfy 0,2
0’575

This value does not agree with (8) or (9), but it 1s necessary
to keep in mind that in this case the ebservational dependence
does not coincide with the aoctual dependence, because we do -
not take inte acoount the single value of H e but the average
for some hundred parsecs on the line of sight. If this effeet
s duly taken into account, we get

dlnhy
dnf

whieh also dees net agree with (8) or (9). In view of the un-
certainty of this walue this differenee does net seem to be

" very serious. It is interesting to note that the observatio-
nal data are favourable in the case of quasistationary tur-
bulencee ' - - -

Both (10) and (12) are nearer to the lawer limits of the
indices of the devree of turbulent spectrum ~ therefore the
dlssipation of shock wave energy in the. 1nterstellar turbulen-
ce is unimportant.

(1)

—038 L ‘(12)
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To the problem on the mechanismvpf the origin of stars
| in stellar associations

By V.A.Ambartémun

Almost ten years had passed since the idea about stel-
lar associitions non-stable stellar lyatdm had been
€ormulated. The i& tea obtained during this time
by means of observations M
that stars contained in the associations—are yog‘ E%octs
of some million years of age. We would like to
that this concerns both the O and T associations. It is
also known that O-associations, which eould be sufficiently
investigated in this respect contain, as a rule, T Tauri
type stars and are consequently T associations also. There
are, on the other hand, T associations, which do not con-
tain hot giants., But appmntl’ the mechanisms of stellar
formations must be similar in O and T associations. This
means that if we shall be able to formulate the thoor,y of
stellar origin for a given type of associations; this theo-
ry should admit variations, which will enable an explana-
tion of the origin of stars in associations of esss other
type. on .

Two hypothesed »edwiwizmith the origin of 4l® stellar
associations had been discussed up to the present: One
of them suggested by the author mlme at the initial stage
of the 1doa¢ at_:zut ass.gsiat;i.zm supposes that ebewrs
A originated as a result of
sk expansion- :fro..'a body or a systea, the volume of which
was initially very small. The dimension of the latter was
in any case less than one parsec. According to this point
of view, these initial bodies (protostars) were either not
observed up to the present, or were not yet identified iyg

objects. \pemmmibeeses. This point of view does not
give any indication about a concre mochnnin of stellar
origin, postponing its expladatiod up to the moment, when
the earliest stages of the expansion of the association
could be studiede tA dd‘“‘-
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_0u tBe ‘éther Nend, Oort® and Oort-Spitper> suggested a
very interesting mechanism of em influence of radiation of
WS O stare ofb iarge gaseous clouds in their surroundings.
This mechanimm leadd %o & possibility of transformation of €Ee
a part of the ‘rediative energy of the staks into kinetic
energy of intefstellar gaseous clouds. It seems to us that
the Tole of the mentioned mechanimm in the tctel balance of
the 'k:lmtic energy of interstellar matter is really wsp in-

- portent. Aoozdlnqto Oort in the cold H I regionsy which
surround the’/H II sone, formed around an O star, 8 Very high
g&8 pressure can u'ﬂo, which may lead as a result of conden-
sation to the origin of stars, when the liait of gravitatio-
nal instability is passed. Oortés views were reported at the
2nd Symposium op gaseous dynamics of cosmical olouds and we an

shall n?;t here in details.
I fowever mabbemslr to check how much this hypothe-
$ig mechanism of the origin of ¥tars 18.{39 ble ’ﬂ' the

formation of real associations. We shall\dor 8 purpose
torasvieetasihe dats, related WaEMRE® large gaseous clouds,
the structure of which is Tregu~
lar to a cert extent., It seems to us that & choice of
such clouds quasi-regular structure may be of inte-
rest from the point of view that the mutual relations bet-
ween stars and the diffuse tter in them must be of greater
sy )
sinplicity and more “. than in the cases of a quite
irregular struoture 'M which doe® notb ponttitc“re—

consi vea) the s i trical go i‘guration 0 .
. the nebula around NGC W,
around IC 5805° and the latge T und A Orionis®.
It is essential that in m a cluster of
. stars of early spectfal classes is jiocated. In the two first

these clusters contain several O type stars and only
ono\star in the latter case. The angular dimensions of the i.¢—
bulsgand of the central cluster are given in the foliowing
tahlet
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Diameggﬁuig tihe ‘Dismsver of

Cilat lon

s oouh 70" ‘ 25"
17 1805 951 12!
ori 250! 30!

: swh A
The disneter of the cluster is (amall in all tures

aw compared with tue dismeter of tha nebula . Therefors,

i+ is out of the guestion that the stememeSmting ULu:Le&Fﬁ;ﬁLA

rave oricinatsd at the periphery of the corresponaing el

Vil the siier hand, it is evident that all the atars of tre
~t.-tsr are genetically connected with the O=stars o Lne
~luster, which are causing excitaticn c¢f the forTesCi i L

et lee A3 the age of the O-type stars coes not exceel suve—
c31 williozn years there arizes a question whetrler ai e~ la—
satisn of the orizim of the cluster, the 2ge of whici. 1is

© bhe 3ame order, can Le givals .

I1 cther wprds, one must take into consideration thLab

,1ite recently an intense Drocess of stellar fcrmation nad
~2ken place in the central region of each of the mentionel

systense This process is perhaps coutﬂﬂﬂﬁpstil‘ rreszents

. mc.uumf
1 aculd lixe to draw attention to the fact wndeEEiaew

acien in 17)07 w the presernce of a mu.lt: plc
. sxluz type system inside the ciuster IC L8805 around tre
(~5uar 4D L5558, Ac"ordLAQ to the data by bnaroloss8 thisg

-~ ,-is13 sontains adout L5 stafs. As it bhad been mentioned
Ly ous ea“‘ler), the systems of the Orion Trapezium type inus?y

}<

~

» sry poung Tormations. Thelir age must be of tie order of
re willion years and even less. It iy ; Liiarefore be suDLO-
s 5% %oe process of stellar Iormation is golug co i 1T

5 g-111 at preseant, cut that tnls process tokes ,lace in

© a ~sunre of the cluster. As w scar furaation .. Ule
i tary of the atove nebulae; there are no Jirect lavz to
ol 00se 1Ue

On the other hand cases &re knozn to us, when open clus-
containing O type stars are not atable and must exDanc

W s time. Mg for instaance; direct signs of expansion were
s5- i isned bw Markarian in respect to IC aeoalo. Acsoriing
- .he last paper by Hopman the cluster IC 4996 , woich is
similar to the central part of IC I805 cluster ig distidgui-

sned by large internal motions, which proove its instabilit:
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.. 12 nus excluded th@t O clusters locgred in the centrel
_or%e of the mentioned nebulae can expand in the same way. &]n

M after one or two million years these clusters
w..i convert into expanding dtftummmfscatteredf groups, simi-
isr t: cue association around & Persei. Under these condi-

cioas she w about the origin of stars " expanding

ansociations @@ the HI regions @f 4w symmetrical nebulae is
supneriliiuous, . odeald
Tnus the data obtained from observations permit to aemsben
“he following approximate pictures Each investigated formation
reyresents a large diffuse nebula; or a cogplex of nebulaeg
winich cannot remain in equilibrium. The w about an
erparcion 0f these nebulae is ‘uito natural and their age must
» evilusted as two-three million years. Ifi tne central par® oi

Ao
ah nebula a ciuster is present, the age of which is of
e crder of one-two million years. Bﬁgfdi‘é’)’gﬁom exist in 4mE
t*.fi* e anbery > e .
* stars of stellar groups, igihamsiusbens i ¢
v 50 wiich must be less than one million years.
“hen considering this condition from the point of view i

c.w ¢oznical scale of time we may say thmil?'ihh&age of':::.;z‘o)l

nar 1la snd the cluster in the above systems .
1% is guite probable accordingly that the m
aeculz and the cluster occurs at the same time and as a result
) w cogmogonical process. The expansion of the nebulae
?.osstalls somewhat the expansion of the cluster. This forestal-
2l 13 cauzed by the fact that the stars of thé central clus-
tev .rs oricinating somewhat later. We do not exclude the pos-
o 1lity tnei some stars could originate with the nebule it-
se1f, =7 sven before the formation of the nebula ani had the-
cerore Size enough to withdraw from ite central regions. This
c0s3luility must be studied.
Of -onsidersble interest is the discovery t, Kenon " of
tie expaading clodd of neutral hwdrogen in the region of the
5T W Orionis: In the centrdl part of this cloud hot stars
are avsernt: Tho’ had either left this part of the nebula (in
this case this must hgve been “Aurigaa, po Columbae and 30
Arietis, possessing the same centre o expansion), or their

t - .
fw takesy place there “in both cases our con-

clusion that the hot stars and the nebula do not originate,si-
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multa.noousl’ is confirmed.
Thus, instead of the traditional formulation of the prob-

lem abput the origin of stars or stellar groups frog a nebula,
we aﬂ fcaaw by observational facts to

the problem abdut the joint (although not quite simultaneous)
origin of stars and of nebulae out of some objects of unknown
nature, .

As concerns the mechanism of the formation of stars and
nebulae; there exist; as it seems tp us, only one way - it is
the study and a comparison of 1litfo£ont groups of young stars.
I should like in this connectiba o mention shortly some pecu-
liar formations of this kind., I bave stellar chains in view.

The question that stellar chains are mét in studylng stel-
lar distributions much more trcquontiy, then it should be ex—
pected to the random law was raised nany times u?

“M‘s%::epapors by Oborguggonborsorn ’ hsaonkovm o ol

and Mart*ynolrls cen be mentioned in this connections. I u
here w‘?’ﬂ’ch&m of ecolp-bppe stars in stellar ‘associa=
tions aud should like to draw attention to the indisputable
reality of some of these chains. I shall gﬁ‘o three examples,
every of which is striking and deserves special investigation.
I. Orion belf, This is, indeed, an example or a sjell
chain, which is knowa for thn longest time,
high luminosity of all th.r” and
ct'ral types, makes the h,pothosla
about the random . of these obJjects guite impro-
bable., One may state witmabaoiuto certainty that this triple
svstem of Wﬂuporgimts is of & joint origin. Their
chain configuration is therefore of a particular m& “:iutz sond
2. Chain of 0-BO type stars in NGC 6823 clustel gubdmsitsn-
siom by Markarianl®, According to Sharpless® tnis chain
(BD + 2293782) consists of three multiple siua type sys-
tems of very compact stellar groups. This ¢ L - abadm 18

locate the contro of the cluster and ¢he nedbula NGC 6823
of the o.untion. On th. background

of the nebula NGC 6825 mnoroul remarkable vom of dark matter

of elephant trunk type:are observed. Locorains to Shajn the di-
rection of the dark veins mp coincide with the direction of

Al & nmienmdnd e VR iamam Yo e il dwbnccnd hAMecad aca .th.r th.
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s fullaa ,
‘.14 2%lon of thm{. BD +22°3782 coincides with the dir«:vn_o-
of tuese veins. This might give some indications about .s 1aw
clanism of the origin of thi chain.'Howtvcr'thcse_ irecti:ns
aT¢ 4imost perpendicular. It must be underlined that the nen—
vivued chain lies in the centre of a large gaseo ebula, the
dlame ter of which is of the order of 20 parlocs, nave
a scteads
- to that given at the beginnirng;

of the present communication. The length of the chain being
less tnan one parsec. o3 vt welafed

3. The third exafle m, We have nemedsy
in view the chain of Herbig-Haro objects in Orionis. It seems
probabl. at present that each of these objects contains a
sroup of aoung dwarfs. Thus, we have in this case also a chain
‘oqgisting of groups reminding the trapezium type swstems.

1srary to Lhe second example, we mcot cold dwarfs a-nn, but
nos Lot starse.

ilie existence of a number of other chains of hot gian*yu
was estabiished both in our Galaxy and in M-33,

It seems to us that the fact of the probable appearance
of chains of individual giants (or supergisnts) and of chains
21 close stellar groups is of great: cosmogonical importance
and indicates one of the pwelmbibe directions; which should be
followed in the study of the real mechanism of stellar forma-
tion,
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lnmplu ot gas not:l.on ud ocmu hnothnu on the me-
" ohanism of stellar outbursts |

By I-.I.ug-vm_'_*’ | ’_. if L e o

| ‘ o
In conneotion nth tho ’rou- of explanatien of
" stellar outbursts onot solutions of the unstaticaary
gas motions with spherical symmetry can de givea in

the following three casess _ F
I. Propagation ef detonation waves from the interi- o
" ors to the surface of a star, acoompanied by an output

».

of nuclear energy en the wave freat. Bffeots of tho in-
erease of detonation velooity depending upon the law of -
density deoxzease from the centre to the u‘tu lmr
(failure of Chapman-Jugus's rule) are iavestigateds As
a result of suffioiently rapid density decreass one eb-
tains & complete dissipatien ef detenatiea gas rrcduotl
with a formatioa of vacumm mear the unm. S ‘
Similar solutions are ebtained for the ophnud

: problon of the propmtin of a motmtm Junp, ac~ B
companied dy an onory sutput (u Jump ct m flame froat .
.tm) throughtho;uatrut. . ,
2. Perturbed gas utiu dus to an mumm by
& sudden-output of a omﬂmblo aneunt cl energy insi-

de the star. This mg is mmtm-od te the surface
together with the ‘shook. mam M ltl‘—
© tions of m ot thq uuhtu muuam au lt-

B V{
o“ .
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tions, acoompanied by a formation of vacuun when

y= —g—i— = i and without it, gravitatien being
taken into account, are given. Some solutions for large
values of ¥~ are studied. | |

3, Examples are given of dynumioally Lnstable oqni—
11brium states disturbed by an explosien follewed by the
origin of & shook wave, propagating through the gas with
variable density at rest. Motion without any energy out~-
put is developing. The energy of the disturbed motien at

g any time is equal to the initial energy at the equilib—
rium state.

The application of the obtained results for an inter-
pretation of the ebservational data requires an additie-
pal investigation of unstationary effeots in stellar pho~
tospheres. ' | | A

Besides that an investigation of the radle of eleotro-

magnetic effeots in ctar'dutturats is needed.

W 'y
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